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Spinal Manipulative Therapy: Review of Some Proposed
Mechanisms, and a New Hypothesis
Some of the claims for the effects, and mech-
anisms for the relief of pain of spinal origin,
which have been attributed to spinal manipu-
lative therapy are reviewed. Most of these are
still to be adequately investigated experimen-
tally; the few which have been specifically in-
vestigated have not been supported.
It is hypothesized that an effective, albeit
often temporary, decrease in patients' percep-
tion of pain may be a result of two ordered
events. The first is inhibition of reflex muscle
contraction which is maximally mediated by
joint afferents with end of range passive joint
movement. The second is a hysteresis effect
for neural discharge in joint afferents which may
be produced with maintained or repetitive end
of range passive joint movement.
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Spinal Manipulative Therapy
(SMT)
In orthodox medicine, the term 'ma-
nipulation' is generally understood to
mean a sudden forceful movement, or
high velocity thrust, to specific tissue
or joints. This is often, though not
always, performed under anaesthesia
in order to reduce a fracture or dis-
location, rupture scar tissue, or free a
'locked' joint such as the knee follow-
ing a meniscal tear (Corrigan and Mait-
land 1983).
However, in alternative terminology,
manipulation has come to have a much
wider meaning. The 1982 American
Colleges of Osteopathic Medicine's
Glossary on Terminology (Education
Council on Osteopathic Principles, 23
June) lists no less than 19 definitions
under the single heading of 'manipu-
lation'. These range from such things
as repetitive oscillations of joints, to
various sorts of soft tissue massage
which are neither directed at, nor nec-
essarily involve, joint movement.
An optional title given to this group
of manual procedures (which includes
the high velocity thrust), is 'manipu-
lative therapy'. Manipulative therapy
has been further distinguished by the
procedures extricated from the entire
body of therapy and favoured by the
school performing them - osteopathy,
chiropractic, manipulative physio-
therapy, as well as certain practitioners
trained in orthodox medicine. Each of
these factions has a theoretical body
of knowledge, more or less peculiar to
it, which is biased towards substanti-
ating various hypothesized effects of
spinal manipulative therapy (SMT), as
well as the mechanisms believed to be
responsible for these effects (see Table
1 for examples). For one proposed rea-
son or another, however, all employ
high velocity thrusts. Hence the rela-
tively uninitiated medical practitioner
and lay public alike, are usually una-
ware that any distinction exists between
'manipulation' (high velocity thrusts),
and the entire theoretical and practical
body of treatment, SMT. It has been
acknowledged for some time, that the
confusion which exists over terminol-
ogy is a serious barrier to communi-
cation between various schools of ma-
nipulative therapy, and orthodox
medical practitioners and scientists
(Burton 1985, Korr 1978).
Some medical practitioners advocate
the use of high velocity thrusts under
anaesthesia for the treatment of pain
of spinal origin (PSO) (Mensor 1955).
This method has been approved since
it provides full muscle relaxation (Jones
1932), but also criticized because the
patient has no control over the pro-
cedure. As well, immediate assessment
of results following treatment is not
possible. Lack of such feedback is said
to prohibit the manipulator from de-
ciding, for whatever reason, whether
or not to cease or repeat the procedure
(Cyriax 1964).
In the conscious patient, treatment
of stiff and painful spinal joints using
a high velocity thrust is exemplified in
the method of Cyriax (1978). He at-
tributes the cause of resistance to nor-
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Table 1:
Some of the proposed mechanisms for SMT (Haldeman 1978) Alternative View of the Effectsof 8MT
Palliative or forceful 'laying on of
hands' for religious or healing pur-
poses is an ancient practice, evidence
of which has been found in Assyrian,
Chinese, Greek, Indian, Roman and
other cultures (Lomax 1976).
During the first half of the nine-
teenth century, the notion was ad-
vanced that disease was caused by dis-
placed vertebrae interfering with the
free flow of nervous energy, or of
blood, to viscera. Osteopathy ('bone
disease' being a much narrower field
than is professed to), and its sister dis-
cipline chiropractic, espoused essen-
tially the same principle (Cyriax 1978).
These disciplines grew up in the Amer-
ican midwest during the latter part of
the last century. The broad theory of
these disciplines is that various diseases
may be cured, and health maintained,
by noninvasive manual 'adjustments'
of displaced vertebrae which are said
to be interfering with the free flow of
nervous energy (or life force) to tissue.
It is claimed that all disease has a so-
matic component (Crowell 1970). This
component is not merely a manifesta-
tion of visceral disease, but a potent
source of 'irritation' which needs to be
'corrected' if health is to be preserved.
Hence, perfect health '. . . by no means
rules out the possibility that musculos-
keletal changes may lead to . . . future
organ disease' (Lowenstein 1975, p.27).
A list of 'curable' diseases, including
some in which neither the somatic nor
autonomic nervous systems are directly
involved, was circulated in Australia
by chiropractors in 1970 (Cyriax 1978).
Contained in this list were allergy, an-
aemia, constipation, goitre, kidney and
liver disorders, paralysis and pleurisy.
Likewise, conditions listed by the Par-
ker Chiropractice Research Founda-
tion as being suitable for treatment with
SMT include diabetes, angina and epi-
lepsy. The least number of 'adjust-
ments' was twenty-two for appendici-
tis, and the most was eighty-four for
jaundice (Cyriax 1978).
Perl (1975)
Homewood (1963)
Korr (1976)
Chrisman et al (1964)
Farfan (1973)
De Jarnette (1967)
and Wilson 1981, Taylor and Twomey
1979), and is a likely primary source
.of PSG (Bogduk 1984).
The high velocity thrust is also what
is meant by chiropractic 'adjustment',
and is an integral part of 'osteopathic
manipulative therapy' (Baer 1981). Al-
though the two schools, chiropractic
and osteopathy, are divided as to the
specific structures believed to be influ-
enced by this manoeuvre (hence the
proposed mechanism), one is simply an
offshoot of the other. Both have been
criticized for claiming to be distinct
systems of medicine, and for treating
visceral disease with this technique
(Cyriax 1978, Hadlow 1980).
A spokesman for these alternative
providers has stated that SMT is not
only capable of restoring ranges of
movement and relieving pain but as
well '. . . the improvement of function
elsewhere in the body and the .enhance-
ment of a sense of well being' (Korr
1978, p.xv). There is no significant evi-
dence for a wider effect of SMT and
Korr's opinion is not shared by ortho-
dox-trained practitioners (Cyriax 1978).
It appears to derive, in part at least,
from earlier naive beliefs with regards
to the basis for disease, and the pre-
sumed mechanism(s) of SMT (Halde-
man 1975).
Restore vertebrae to normal position Galen (1958)
Straighten the spine Pare (1958)
Relieve interference with blood flow Still (1899)
Relieve nerve compression Palmer (1910)
Relieve irritation of sympathetic chain Kunert (1965)
Mobilize fixated vertebral units Gillet (1968)
Shift a fragment of intervertebral disc Cyriax (1975)
Mobilize posterior joints Mennell (1960)
Remove interference with cerebrospinal fluid
circulation
Stretch contracted muscles, causing
relaxation
Correct abdominal somatovisceral reflexes
Remove irritable spinal lesions
Stretching or tearing of adhesions around the
nerve root
Reduce distortion of the annulus
mal spinal joint movement and pain
treatable by this method, to 'displaced
and irritable' fragments of interverte-
bral disc. Rotary tension with distrac-
tion is applied along the vertebral col-
umn, then a sudden, small amplitude
thrust is performed. The expectation is
that maximal force will descend on the
stiff and presumably pain-producing
segment. In some way the impediment
to movement is dispersed and pain re-
lieved.
Not all practitioners of SMT are in
favour of (non-specific) 'long-lever'
techniques, to which some have attrib-
uted the rare fatal consequences of
'manipulation', particularly high cerv-
ical thrusts (Haldeman 1983, Kleyn-
hans and Terrett 1985). While Cyriax
(1978) claims that the effect of such
treatment is 'realignment' of a loose
fragment of disc, he, like Farfan (1973)
who also holds that the disc is the
primary focus of the thrust, has not
produced experimental evidence to
support this proposed effect. Chris-
man, Mittnacht and Snook (1964)
found no alteration of any sort in mye-
lographically-determined abnormalities
of the disc following rotational thrusts.
Nonetheless, and despite persistant
statements to the contrary (Wyke 1981),
the disc is innervated (Bogduk, Tynan
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Unfortunately, the association ot
SMT practiced by orthodox trained
practitioners with alternative 'medi-
cine' is believed to be one of the major
reasons why this treatment has diffi-
culty in gaining acceptance from the
scientific medical world (Deyo 1983).
Another difficulty is that, to date, it
lacks a plausible biologic rationale
(Deyo 1983). Realistically, SMT may
be confined to being simply one of the
conservative treatments currently avail-
able for the attempted management of
PSO.
Proposed Mechanisms of 8MT
Mechanical Effects
Collagen constitutes around 80 per
cent of the total dry weight of tissues
in tendons, ligaments, capsules cild
fascia of periarticular structures. Pe-
riods of total immobilization of joints
have been found to result in a g!adual
reduction in the synthesis of hyaluronic
acid and the capacity for connective
tissue proteoglycans to retain moisture,
factors which impair the normal move-
ment between collagen fibrils. A proper
balance of connective tissue constitu-
ents is maintained, apparently, by a
homeostatic feedback loop initiated by
fibroblasts in response to physical
forces (Akeson, Arniel and Woo 1980).
Prolonged total immobilization of
joints results in an increase in the syn-
thesis of collagen, cross-linkage be-
tween collagen fibrils and the forma-
tion of fibro-fatty material between
joint surfaces leading to adhesions. All
of these factors might contribute to
joint stiffness (Evans et 011960, Frank
et 01 1984, Thaxter, Mann and Ander-
son 1965).
Controlled passive or active move-
ment of joints has been shown to im-
prove both the rate of tendon repair
and the gliding function within tendon
sheaths during the repair process (Woo
et 0/1981). Similarly, inflammatory re-
action, healing with scar formation,
and muscle regeneration, was found to
occur more intensely in mobilized com-
pared with immobilized rats, together
with a more parallel orientation of re-
generating muscle fibres in the mobi-
lized animals (Kvist and Jarvinen 1982).
In addition to simply stretching and
lubricating tissues, movement induces
metabolic changes, for reasons yet un-
known, in soft tissue, cartilage and
bone (Frank et 0/1984). Caution needs
to be exercised where there is active
enzymatic destruction of joint""tissue
(Lowther 1985). However, early mini-
mal tensile loading of repairing soft
tissue with passive or active movement,
is usually recommended (Oakes 1981).
Paris (1979) maintains that only
those repetitive passive joint move-
ments (oscillations) which are carried
out at or to the limit of the joint's
available range can have any 'mechan-
ical' effect. That is, these movements
need to stretch tissues by taking them
into the area of plastic deformation of
the stress-strain curve, or to the point
of failure, causing rupture. This is con-
sistent with the contention that periar-
ticular structures are the major cause
of restriction of joint movement (En-
neking and Horowitz 1972, Wright and
Dowson 1975), and that SMT can
'snap' adhesions (Kaltenborn 1975,
Maitland 1977, Mennell 1960).
Spinal joint hypomobility is consid-
ered to be the major indication for
(particularly) thrust procedures (Cor-
rigan and Maitland 1983). While this
may be so, as Cyriax (1978) has pointed
out it is difficult to rationalize an au-
tomatic relationship between loss of
joint mobility and the production of
pain. Indeed, with a group of chronic
low back pain patients, Lankhorst, Van
de Stadt and Van der Korst (1985)
found that significant spontaneous im-
provements in pain and disability scores
were positively correlated with a de-
crease in ranges of movement in the
lumbar spine. It is no less difficult to
accept that stimulation of the sinuver-
tebral nerve, and spinal joint hypom-
obility irrespective of the cause, should
invariably be associated (Corrigan and
Maitland 1983). Similarly, it is unlikely
that the proposed prevention of disc
(Corrigan and Maitland 1983) or joint
(Maitland 1985a) cartilage deteriora-
tion by an enhancement of nutrition
through facilitated fluid exchange,
would provide the significant reduction
in pain report which occurs immedi-
ately, or soon after, a few minutes of
treatment with SMT (Deyo 1983, Mor-
itz 1979, Winer 1985). Nor is the break-
down of adhesions thought to be a
common mechanical mechanism for
SMT, since adhesion formation has not
been demonstrated to be a dominant
factor for the restriction of movement
in spinal joints (Corrigan and Maitland
1983). The crack sometimes heard with
treatment is generally thought to be the
result of having broken the synovial
seal (Unsworth, Dowson and Wright
1971), and not capsular or other adhe-
sions (Denslow 1975).
Short-term bursts of sensory bom-
bardment following rapid stretch of ar-
ticular and myofacial nerve endings
with SMT (Terrett and Vernon 1984),
may disrupt a pain-spasm-pain cycle
(Corrigan and Maitland 1983), by in-
hibiting reflex muscle contraction
(Freeman and Wyke 1967, Nade, Bell
and Wyke 1978). Diminished percep-
tion of PSO due to a decrease in intra-
articular pressure (Nade and Newbold
1983), with a concomitant decrease in
joint afferent discharge (Wood and
Ferrell 1984), following maintained or
oscillatory end of range passive joint
movement is also possible.
The 'correction' of spinal joint 'sub-
luxations' which are said to have com-
promised spinal neurovascular struc-
tures is another 'mechanical'
mechanism which has been advanced
for SMT (Paris 1979, Korr 1978).
However, it has not been shown that
spinal joint subluxation or dislocation
is more common in patients with PSO
compared with pain-free individuals
(Nachemson 1975). As has been pointed
out, numerous asymptomatic individ-
uals, with what would be considered
by some to be mechanical problems of
the spinal motion complex, are thought
to be at large in the general population
of Western communities (Grieve 1981,
Korber and Bloch 1984). No conclusive
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evidence has emerged to ind.icate that
such asymptomatic individuals are
more likely to experiencCf PSO in the
future (West 1975).
Furthermore, 'subluxation' has been
said to be all too readily, and erro-
neously, diagnosed (French 1975). This
may be due to misinterpretation of
what is probably the average normal
wide range of motion. Considerable
subluxation of apophyseal joints oc-
curs during normal everyday flexion
and extension movements of the spine
(Bogduk and Engel 1984). Erroneous
diagnosis may also be because of the
inability to make or reproduce accurate
measurements from spinograms (Shap-
iro 1975). For this reason, Shapiro
(1975) has seriously questioned the rou-
tine use of chiropractic spinography.
In addition, there is no published
evidence which indicates that the minE»'
positional or biomechanical changes
commonly found in the relation of one
vertebra to another, can be altered
('corrected') by SMT (Haldeman 1983).
Chrisman, Mittnacht and Snook (1964)
found that with rotational SMT there
was a movement apart of the laminae,
suggesting movement ('gapping') of the
apophyseal joints. However, at least
one study of patients with PSO (Rob-
erts et af 1978) failed to demonstrate
any permanent change of vertebraI
joint position following SMT.
Matthews and Yates (1969) reported
on two patients in whom disc protru-
sions (so-called prolapses) were shown
by epidurography to have been reduced
following SMT. On the other hand, in
their larger studies, neither Chrisman,
Mittnacht and Snook (1964) nor Wil-
son and Ifield (1952) found any evi-
dence that this had occurred. With one
case in the latter study, the defect ap-
peared to have enlarged following
SMT.
Increasingly intense repetitive oscil-
lations of spinal joints, in the face of
clinical improvement, has been advo-
cated for patients with documented evi-
dence of large disc prolapse and neu-
rological deficit (Corrigan and
Maitland 1983). It was acknowledged,
however, that what is actually being
achieved by this means with such pa-
tients is uncertain, since' ... disc ma-
terial which has prolapsed is never re-
turned to its original site' (Corrigan
and Maitland 1983, p.297).
The so-called 'osteopathic lesion',
considered to be both a manifestation,
as well as a source, of 'irritation' with
PSO (Denslow 1975), is in fact likely
to be muscle spasm and the ten<wrness
of secondary hyperalgesia, known to
be a result of nociceptive input (French
1975). Myofascial 'trigger' spots and
other soft tissue changes, are also well
recognized phenomena accompanying
PSO (Gunn and Millbrandt 1978,
Travell and Simons 1983) with which
the 'oesteopathic lesion' may be being
confused. French (1975 p.236) ex-
presses doubt that such reported his-
tological changes defining the so-called
osteopathic lesions as '. . . a widening
of the interestices indicating oedema,
increased numbers of mast cells in the
connective tissue, and increased num-
bers of nuclei in muscle fibres' could
be palpated (the method of 'diagnosis'
of the oesteopathic lesion) with any
degree of accuracy.
Early treatment with high velocity
thrusts is recommended (Maitland
1977) for the correction of an uncom-
mon (Grieve 1981), but intensely pain-
ful and disabling condition, variously
referred to in the literature as vertebral
locking, facet-fixation, facetlock or
acute joint locking (Droz-Georget
1980). This condition is characterized
by a sudden absence of lumbar or cerv-
ical joint movement, segmentally re-
lated muscle spasm, and acute pain
whenever active or passive movement
in certain ranges is attempted. Acute
joint locking of the lumbar spine some-
times follows a sudden, simple action,
such as bending forwards, or it can
present in the cervical spine on awak-
ening. It is not usually associated with
injury and there are no signs of neu-
rological deficit. Although acute joint
locking will generally recover sponta-
neously, the dramatic relief which may
be obtained with high velocity thrusts
has been said to be responsible for
much of the sensationalism which sur-
rounds SMT (Droz-Georget 1980).
European schools of SMT have at-
tributed the cause of this condition to
apophyseal joint inclusions known as
meniscoids (Lewit 1978). The chondri-
fied margin of certain of these men-
iscoids is believed to become incarcer-
ated between the joint surfaces (Kos
and Wolf 1972). Pain is thought to be
due to capsular traction through the
loose connective tissue-synovium base
of these structures (Kos and Wolf
1972).
Droz-Georget (1980) proposed that
hypermobile individuals are susceptible
to temporary deficiencies of sensory
(kinaesthetic) input to motor centres in
the brain from nerve endings in lax
apophyseal joint capsules. This may
result in the uncoordinated nipping of
a synovial fold between the joint sur-
faces. It was suggested that heightened
intrasfusal muscle activity, due to cap-
sular traction, produces instantaneous
muscle spasm, followed by ischaemic
muscle pain.
However, Bogduk and Engel (1984)
have presented anatomical evidence
which suggests that the actual mor-
phology of lumbar apophyseal 'men-
iscoids' is incompatible with the en-
trapment theory for PSO. Firstly,
connective tissue rim meniscoids are
too short to be trapped between apo-
physeal joint surfaces. In addition, ten-
sion of the ligamentum flavum ven-
trally and the multifidus muscle
dorsally would protect against their
being drawn into the cavity of lumbar
apophyseal joints. Furthermore, while
fibro-adipose meniscoids possess suf-
ficiently firm apices to grove articular
surfaces and to become trapped therein,
it is thought to be questionable whether
the loose connective tissue-synovium
base of these structures could with-
stand the tension necessary to cause
PSO by exerting capsular traction.
Lastly, PSO as a result of sub-capsular
haemorrhage following tearing of the
base of this type of meniscoid, would
be inconsistent with the rapid relief
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which is usually claimed for high ve-
locity thrusts (Bogduk and Engel 1984,
Droz-Georget 1980).
Neurological Effects
Alternative providers of SMT claim
a direct influence for this treatment on
the autonomic nervous system (Green-
man 1978). However, to date, there is
no worthwhile experimental evidence
for such an effect (Hadlow 1980). Clin-
ical trials attempting to assess the value
of SMT for visceral problems have been
poorly designed, reporting isolated
cases of success only (Haldeman 1978).
Furthermore, it seems unlikely that &0-
called vertebral 'subluxations' would
cause greater embarrassment to the
sympathetic chain than the significant
rotary deformities sometimes seen with
(idiopathic) scoliosis. Neither wjth this
condition, nor with compression frac-
tures or fracture dislocations of the
spine are visceral symptoms usually en-
countered, even when the sympathetic
chain itself is damaged (French 1975).
It has been proposed that biome-
chanically induced deformations of
spinal nerves may alter axonal trans-
port, and with this, trophic influences
on target and effector cells (Korr 1978).
At the present time, however, it is un-
clear as to what effect compression,
stretching, angulation or any other de-
formation of spinal nerves might have
on axoplasmic transport (Samson
1978). Korr (1985 p.70) claims that such
proposed biochemically induced defor-
mations of spinal nerves '. . . are, of
course, subject to amelioration and
correction' with SMT. As has been
pointed out above, there is no experi-
mental evidence that this is so.
An alternative basis for impedence
to axonal transport with PSO was sug-
gested by the work of Worth and Ochs
(1976), who found that sustained pe-
ripheral nerve stimulation seriously im-
paired axoplasmic flow. Consequently,
it has been suggested that afferent in-
put to spinal nerves from strained (pre-
sumably pain-producing) vertebral
structures, will impair axoplasmic flow
and interfere with the normal trophic
interchange between cells (Korr 1985).
However, in vivo studies utilizing sus-
tained peripheral nerve stimulation of
various intensities and frequencies and
for varying durations, found this had
no effect on axonal transport (Ignelzi
and Nyguist 1979). The reason pro-
posed by the latter authors for the dif-
ference between these findings was that,
with the in vitro studies of Worth and
Ochs, the nerve had been deprived of
its circulation. In the normal in vivo
situation it seems that the energy uti-
lization mechanism for nerve excita-
bility may be affected (conduction
slowing or block), without affecting
that for axoplasmic transport (Ignelzi
and Nyguist 1979).
Hence, there is no evidence at the
present time either that axoplasmic flow
may be impeded by sustained periph-
eral afferent stimulation, or, if this were
to occur for some reason, that it might
be restored by passive movements of
spinal joints.
Wyke and Polacek (1975) propose
that the information produced in larger
diameter, slowly adapting and so-called
'phasic' joint afferents with passive
joint movements, will impede the ros-
tral passage of information conveyed
by joint nociceptors, at the level of the
spinal cord. Hence, this proposed
mechanism for pain relief depends on
the predictions of the gate control the-
ory (Melzack and Wall 1965). How-
ever, electrophysiological studies of
normal peripheral joints in the cat and
primate (Burgess and Clark 1969, Clark
1975, Grigg 1975, Grigg and Green-
span 1977, Millar 1975, Tracey 1979),
indicate that the majority of larger fibre
joint afferents are stimulated by mainly
end of range passive movements. Even
with these movements, excitation is not
selective, in lhat a significant propor-
tion of small diameter afferents are
excited as well (Schaible and Schmidt
1983a). Furthermore, with inflamed
joints, within (intermediate) range pas-
sive joint movements stimulate sensi-
tized small diameter joint nociceptors
(Coggeshal et a/ 1983 Guilbaud, Iggo
and Tegner 1984). Therefore the model
proposed by Wyke and Polacek (1975)
for pain relief from passive oscillations
of painful joints does not conform with
the most obvious prediction of the gate
control theory (Wall 1978). The model
of pain relief proposed by Wyke and
Polacek is dealt with in more detail
elsewhere (Zusman 1985).
It has also been suggested that SMT
may relieve PSO by arousing to clini-
cally effective levels, a pain control
system which is encoded by opioid pep-
tides (endorphin system) (Ward 1982).
Ward (1982) implies that pain relief
with SMT is largely an opioid mediated
placebo response. Zusman and Ed-
wards (unpublished material) hypoth-
esized that the information produced
with passive joint movement, theoret-
ically unsuitable for relieving pain in
terms of the gate control theory, may
be capable of arousing the opioid sys-
tem. The opioid hypothesis was preli-
minarily investigated by attempting to
reverse the reduction in pain reported
following treatment with the opiate an-
tagonist naloxone (Hill 1981). The re-
sult was not statistically significant.
However, for reasons associated with
the measurement of clinical pain, as
well as the specificity, dose and delivery
sequence of naloxone, this finding
should not be taken as being conclu-
sive. Together with the possible in-
volvement of non-opioid pathways
(Watkins and Mayer 1982), the opioid
hypothesis appears worthy of further
investigation.
Psychological Effect of SMT
Certain studies have shown that,
apart from some immediate benefit
(Moritz 1979), SMT has not been found
to be superior to detuned short-wave
diathermy, bed rest and salicilates or
other conservative treatments in the
longer term (Deyo 1983, Haldeman
1983, Nachemson 1975, see also recent
studies by Gibson et a/ 1985, Godfrey,
Morgan and Schatzker 1984, Water-
worth and Hunter 1985). Such find-
ings, together with the lack of a plau-
sible biologic rationale for this
treatment, necessitates recognition of
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the possible psychological implications
of the 'laying on of hands'.
Some consider this factor to be the
major reason underlying the success
that SMT enjoys (Farfan 1980). Hart-
man (1985) acknowledges the value of
such aspects as charisma, expectation
and 'magic' with SMT. The statistically
superior effect of high velocity thrusts
(for migraine headaches) administered
by chiropractors compared with SMT
administered by physiotherapists or
doctors, was thought to have been due
to the greater confidence and enthu-
siasm displayed by the chiropractors
(Winer 1985). Haldeman (1978) feels
that at the present time it may be more
realistic to regard SMT as affording
such psychological benefits as reducing
stress or tension. (He acknowledges,
however, that were some neurobiologic
mechanism eventually demonstrated
for SMT, this would be an additional
bonus.).
However, Cyriax (1978) warns of
early conditioning of the lay public by
chiropractors, leading to dependency
on what is felt to be basically the 'psy-
chological' benefits of SMT. Both Cy-
riax (1978) and Corrigan and Maitland
(1983) counsel against fostering
ropractogenic neurosis' by treating pa-
tients whose symptoms and depend-
ency on treatment, are thought to be
largely psychogenically determined.
Hoehler and Tobis (1983) carried out
a study in which 75 out of 90 patients
with pso reported immediate relief
with SMT. This result is consistent with
that found with the majority of trials
which have been carried out so far to
investigate SMT (Deyo 1983, Winer
1985). However, 28 out of the 62 pa-
tients who remained in the trial,
claimed that their pain had returned to
its former level five days later, and
required repeated treatment. The au-
thors pointed out that, other factors
aside, those patients who failed to show
relatively long lasting improvement
tended to have elevated scores on sev-
eral levels of neuroticism measured us-
ing the abbreviated version of the Min-
nesota Multiphasic Personality
Inventory (Mini-Mult). The conclusion
drawn was that whatever the physical
basis for improvement might be (in-
hibiting muscle contraction and restor-
ing mobility?), SMT reduces a pain-
fear cycle in these patients. Breaking
this cycle was thought to be a signifi-
cant factor underlying the immediate
and substantial improvement often re-
ported with SMT. However, because
this cycle tends to recur in susceptible
individuals, it is at the same time the
basis for relapse, and hence the need
for repeated periodic treatment (Hoeh-
ler and Tobis 1983).
Summary
The research cited suggests that SMT
is unlikely to have any regular me-
chanical effect of reducing 'subluxa-
tions', repositioning prolapsed disc
material, or breaking spinal joint adhe-
sions. High velocity thrusts can pro-
duce dramatic relief with an uncom-
mon type of PSO, 'acute joint locking' .
The neurophysiological mechanism
which depends on the predictions of
the gate control theory does not con-
form with the most obvious prediction
of this theory, implying that passive
oscillations of painful joints would be
inappropriate for 'closing the spinal
gate' to joint pain. Repetitive oscilla-
tions of spinal joints may provide met-
abolic benefits to joint tissue, and assist
over time, in the optimal repair and
extensibility of soft tissue following le-
sions of the spine. SMT may also in-
hibit reflex muscle contraction, and in-
duce a (temporary) sense of relief in
certain individuals, by breaking the
pain-fear cycle.
Hypothesis
The following draws on related re-
search in order to propose a hypothesis
for the diminished pain experience
which is commonly reported following
a session of treatment with passive
movement of painful joints.
The method of SMT with which the
hypothesis is best illustrated is that de-
scribed (Edwards 1979, 1980), and sub-
sequently further developed by Ed-
wards (1986), namely end of range
Combined Movements (CME). This
method would appear to be clinically
effective (Zusman and Edwards, un-
published material).
The assumption is made that, in
many instances, both 'resistance' to
joint movement and adaptive postures
seen with PSO clinically, are the result
of muscle contraction in response to
nociceptive input (see for example
Pearcy and Shepherd 1985, Pearcy,
Porteis and Shepherd 1985). It is fur-
ther assumed that the effective foci of
CME are spinal periarticular soft tis-
sue, and possibly the intervertebral disc.
The hypothesis proposes that an ef-
fective increase in comparatively pain
free ranges of active (and passive) spinal
joint movement following a session of
treatment with a method such as CME,
is the result of two ordered events. The
first of these is the inhibition of muscle
contraction by discharges produced in
joint afferents with end of range pas-
sive joint movement. The second is a
subsequent decrease in the overall level
of peripheral afferent input.
The following evidence from related
research provides some indirect sup-
port for this proposal.
Inhibition of (Reflex) Muscle
Contraction
Certain passive joint movements
might effect an increase in ranges of
joint movement, and as well, diminish
the perception of PSO, by inhibiting
reflex muscle contraction.
The influence of mechanoreceptive
input produced by passive joint move-
ment on the regulation of muscles act-
ing on local as well as distant joints,
is well documented (Freeman and Wyke
1967, Nade, Bell and Wyke 1978). Bax-
endale and Ferrell (l981a,b) have also
demonstrated that the reflex contrac-
tion of muscles acting on the knee and
elbow joints in decerebrate cats could
be maximally inhibited by discharges
from joint, as distinct from cutaneous
and muscle, afferents, with end of
range passive joint movements. Simi-
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larly, Lundberg, Malmgren and
Schomburg (1978) found that the in-
formation conveyed by knee joint af-
ferents, which were maximally acti-
vated by end of range passive joint
movements (Clark 1975, Grigg and
Greenspan 1977) could contribute a de-
crease in muscle tension at the limits
of joint movement. Inhibition of reflex
muscle contraction about a joint is
thought to reduce the intensity of pain
by the dispersion of irritative metab-
olites which have accumulated due to
muscle ischaemia (Wyke 1976). How-
ever, in addition to intrinsic muscle
pain, a decrease in the perception of
PSO may be due to the reduction of
muscle tension on periarticular capsu-
lar and myoaponeurotic structures,
with a subsequent decrease in periph-
eral afferent discharge (Grigg 1976"
Millar 1973).
Decrease in Peripheral
Afferent Discharge
An effective reduction of peripheral
input to the central nervous system fol-
lowing end of range passive movements
of joints, and therefore, it is assumed,
a decrease in the pain experience, is
also suggested by two other lines of
investigation.
Intra-articular and
Intra-osseous Pressures
First, both Levick (1979) and Nade
and Newbold (1983) have observed that
maintained (2 min) end of range pas-
sive joint movement causes a subse-
quent, temporary reduction of intra-
articular pressure through the range of
joint movement. This could be accom-
panied by a decrease in the former level
of joint afferent discharge (Wood and
Ferrell 1984). These effects were
thought to be due to decreased tension
on the joint capsule, either due to fluid
being pumped from the joint space, or
to stretch of collagen fibrils (Wood and
Ferrell 1985). High levels of intra-ar-
ticular pressure, resulting from either
high levels of intra-articular fluid, or
from increased muscular tension on the
joint capsule (Levick 1979), are be-
lieved to be one of the factors respon-
sible for pain and limitation of joint
movement with injured or arthritic
joints (Ferrell, Nade and Newbold
1985). Recently, Giovanelli-Blacker,
Thompson and Elvey (1985) demon-
strated that intra-articular pressure in
human apophyseal joints could be re-
duced by passive oscillations carried to
the end of the range of joint move-
ment.
It has also been proposed that a re-
duction of intra-articular effusion may
decrease peripheral afferent discharge,
and thereby diminish pain perception,
by decompressing spinal nerves lying
close to the joint capsule (Grieve 1981).
It is important to note that, initially,
end of range passive joint movements
increase intra-articular pressure. Hence,
some of the concomitant increase in
joint afferent discharge so produced,
probably serves to inhibit muscle con-
traction (Ferrell, Nade and Newbold
1985, Spencer, Hayes and Alexander
1984). However, repeated or main-
tained end of range passive joint move-
ments result in a subsequent lowering
of former levels of intra-articular pres-
sures found at various angles through
the range of joint movement (Nade and
Newbold 1983). Thus, with therapeutic
methods of passive joint movements,
it is this sequential behaviour of intra-
articular pressure, joint afferent dis-
charge, reflex muscle contraction and
possible pain perception, which needs
to be considered.
There is also evidence to suggest that
intra-osseous pressure may be influ-
enced by both joint position and intra-
articular pressure (Arnoldi et af 1980).
Increased intra-osseous pressure has
been nominated as one of the causes
of pain in osteoarthritic joints (Bus-
trode 1976). The potentially beneficial
effects of end of range passive joint
movements on both intra-articular and
intra-osseous pressures, and their re-
lationship to one another, thus warrant
further investigation.
Hysteresis Effect
The second line of investigation
which suggests that repeated or main-
tained end of range passive joint move-
ments might result in a decrease in
peripheral afferent discharge comes, in
part, from the work of Grigg and
Greenspan (1977).
These authors found that the natural
resting angle of the knee joint of the
primate could be increased by moving
the joint repeatedly to, or at, the end
of its normal range of movement. The
increase in range of movement was
thought to be a result of having
stretched periarticular soft tissue. This
phenomenom, termed 'creep defor-
mation', is a characteristic of all non-
elastic structures, and has been shown
to follow passive loading of the lumbar
spine (Twomey and Taylor 1982). In
addition to an increase in range of
movement, a linear correlation be-
tween the steady decay in joint afferent
discharge and relaxation of torque in
the capsule (as this stretches), has been
observed when the knee joint of the
primate was maintained at a given ex-
citatory angle (Grigg and Greenspan
1977).
Significantly, when a joint is moved
away from, and then subsequently re-
positioned at the former excitatory an-
gle following the onset of creep defor-
mation, the level of discharge at that
position has been found to be substan-
tially reduced, or even absent through
some of that range (Grigg and Green-
span 1977, Millar 1975) (Figure 1). Such
a failure of related events to keep pace
with one another is called hysteresis.
McCall et af (1974) observed that the
hysteresis effect lasted for up to 10
minutes, and could be produced with
either static (maintained) or sinusoidal
(oscillatory) passive joint movements.
Together with a relaxation of per-
iarticular soft tissue, the hysteresis ef-
fect for neural discharge with passive
joint movements was thought to be the
result of mechanical adaptation of the
encapsulated endings of joint nerves,
as proposed by Catton and Petoe (1966)
and Loewenstein and Skalak (1966)
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Figure 1: Hysteresis loop following end
of range movement.
Range A - 8 = 'dead zone' (from Grigg
and Greenspan 1977).
(Grigg and Greenspan 1977, Millar
1975). However, cessation or reduction
of responses following repeated me-
chanical stimulation (eg four times for
30 sec at 1 min intervals) has also been
noted in small diameter joint afferents
(Schaible and Schmidt 1983b), includ-
ing sensitized joint nociceptors (Iggr>,
Guilbaud and Tegner 1984). It is un-
likely that the mechanism of adapta-
tion for fine free and unencapsulated
endings (appended to smaller diameter
afferents?) depends on the same me-
chanical component as that proposed
by Catton and Petoe (1966) and Loew-
enstein and Skalak (1966) for encap-
sulated endings. Electrochemical com-
ponents of adaptation (accumulation
of extracellular potassium, sodium in-
activation) following constant depolar-
ization, are possible explanations (Ade-
Ian and Palti 1969, Loewenstein and
Mendelson 1965).
Nevertheless, the findings of Clark
(1975) and Schaible and Schmidt
(1983a,b) together with those of Grigg
and Greenspan (1977), strongly suggest
that a natural stimulus for many joint
afferents is their deformation by the
capsular and other soft tissue collagen
through which the axons are inter-
woven. In this case, passively stretching
periarticular soft tissue with end of
range joint movements, may be tem-
porarily inactivating the natural stim-
ulus for joint afferents. The result
would be to reduce the level of joint
afferent discharge.
Regular passive, or active, stretching
of the scarred or posturally contracted
anulus of intervertebral discs (M Oliver,
personal communication) may help re-
lieve an intermittent, chronic type of
PSG thought to emanate from this site
(McKenzie 1980). This would more
likely (although not necessarily) be the
case with the mature disc which l/as
suffered repeated minor damage or dis-
tortion, but has largely stabilized struc-
turally (Twomey 1981). Here PSG may
be the result of sinuvertebral nerve end-
ings woven through fibres of the anulus
being mechanically distorted by var-
ious postures or movements. Again,
the natural stimulus might be inacti-
vated, at least temporarily, by end of
range passive or active stretch. Also,
since both of these types of stretch are
end of range, initially guarding muscle
contraction is likely to be maximally
inhibited by discharges in apophyseal
joint afferents.
Thus, for a variety of presentations
of PSO, diminished pain perception
may be a result of the ordered effects
proposed above. Generally speaking,
these effects would be best achieved by
simple or combined end of range pas-
sive joint movements. Repetitive (os-
cillatory), or sustained manual stimu-
lation may have a direct inhibitory
effect on high threshold, or sensitized
low threshold, small diameter joint no-
ciceptors (Schaible and Schmidt 1983b,
Iggo, Guilbaud and Tegner 1984).
However, it is apparent that not all
small diameter joint afferents are high
threshold nociceptors (Schaible and
Schmidt 1983a). Nor are all large di-
ameter joint afferents necessarily low
threshold proprioceptors (Clark 1975).
The pain experience can include activ-
ity in all classes of somatic afferent;
indeed large diameter fibres are directly
involved in certain pain states (Wall
1984). Implicit in the proposed hy-
pothesis is the notion that it is some
temporary decrease in the overa/llevel
of peripheral afferent input which is
responsible for diminishing the pa-
tient's pain experience. For certain
types of chronic pain, such a proposed
alteration of peripheral input may also
assist a deranged nervous system to
regulate itself (Ciccone and Grzesiak
1984, Loeser 1985).
Conclusion
Most methods, or 'concepts', in-
volving the therapeutic use of passive
joint movement purport to be primar-
ily concerned with ranges of joint
movement (Farrell 1981). Most pa-
tients, however, are seeking relief from
pain (Burton 1985, Caterinicchio 1979).
Both aims are satisfied, at least tem-
porarily, when the patient demon-
strates an increase in comparatively
pain free active movement immediately
following treatment. From the avail-
able research, it is difficult to account
for this effect other than in essentially
neurological terms. It has been pro-
posed here that this effect may be due
to inhibition of muscle contraction by
discharges initially produced in joint
afferents, followed by some decrease
in the overall level of neural input from
the painful site. Levels of joint afferent
discharge and joint pressure can be re-
corded simultaneously, at various an-
gles throughout the range, with differ-
ent frequencies of joint movement
(Ferrell, Nade and Newbold 1985). By
including EMG signals, the proposed
hypothesis could be tested initially us-
ing suitably prepared peripheral joints
of animals. However, since spinal mo-
tion complexes have certain unique
characteristics, these would need to be
investigated specifically.
There is no question as to the fun-
damental soundness, in anatomical and
biomechanical terms, of the aims and
effects of CME. As well as these, in
neurological terms, a distinct relation-
ship may be seen to exist between the
clinical concepts of a method such as
CME, and the elements contained in
the present hypothesis. However, one
or both of the proposed effects, namely
inhibition of muscle contraction and
subsequent decreased peripheral affer-
ent input, may also occur with certain
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of the manoeuvres recommended in
other methods of SMT. These are, for
example, the selective 'treatment' of
'resistance' (Maitland 1977), the use of
either distraction or compression (Cy-
riax 1978, Maitland 1985a) or 'quad-
rant' positions (Maitland 1977), 'pro-
gression into pain' (Corrigan and
Maitland 1983), 'slumping' (Maitland
1985b), joint glides (Kaltenborn 1970),
manoeuvres subtitled 'high velocity
thrusts', 'stretching', 'inhibition',
'muscle energy' or 'functional' (Hart-
man 1985, Tehan 1985), and end of
range passive or active stretches
(McKenzie 1980).
Not the least of the benefits to follow
from some decrease in the perceived
intensity of pain immediately or soon
after a session of treatment, is a real-
ization by the patient that increased
activity does not necessarily mean in-
creased pain (or that movement pro-
duces a level of discomfort which is
tolerable) (Ciccone and Grzesiak 1984).
Such an experience may then be uti-
lized to encourage patients - including
those susceptible individuals for whom
treatment may break a pain-fear cycle
- to assume better postures, carry out
appropriate exercise, and to once more
engage in normal everyday activities
(Fordyce, Roberts and Sternbach 1985).
The extent to which patients are willing
to engage in activities of various sorts
has been used as a measure of the pain
experience (Follick, Ahern and Laser-
Wolston 1984). Reluctance to do so,
however, may often be due to the anx-
iety and fear patients have about the
pain these might produce (Linton 1985,
Linton, Melin and Gotestam 1984), as
by reflexly produced pain itself (Price,
Clare and Ewerhardt 1948).
Whatever the case, certain beneficial
metabolic effects on joint cartilage
(Lowther 1985) and intervertebral discs,
as well as optimal repair of periarti-
cular soft tissue and the prevention of
joint stiffness (Frank et af 1984) are
proposed to result from a few minutes
of daily passive loading of painful
joints (Corrigan and Maitland 1983,
Maitland 1985a). If this is so, then it
would be reasonable to expect that a
graduated increase in appropriate ac-
tive movement, which is being facili-
tated by diminishing the pain-move-
ment experience on a regular basis, will
enhance these beneficial effects (Frank
et of 1984, Woo et of 1981).
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